Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(11 publication number : 2001-31325 
(43)Date of publication of application : 09.1 1 .2001 



(51)lnt.CL 



BOIL 21/027 
G02B 19/00 
G03F 7/22 



(21) Application number : 2001-03832 

(22) Date of filing : 15,02.2001 



(71) App!icant : NIKON 

(72) lnventor : NISHINAGA HiSASHI 



(30)Priority 
Priority number ; 2 



9740 Priority date : 25.02,2000 Priority country : JP 



> V>> *SS'iV»VtV*Wi 



(54) ALIGNER, ITS ADJUSTING METHOD, AND METHOD FOR FABRICATING DEVICE 
USING ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an aligner in 
which an illumination optical system can be adjusted 
accurately in a short time. 

SOLUTION: A reticle R is irradiated with an exposing 
light IL from an exposing light source 1 through an 
illumination optical system SLS comprising a first fly eye 
lens 6, a second fly eye lens 9, Sens systems 12, 13 
blinds 14A { 14B, and condenser lens systems 17, 18 and 
the pattern image of the reticle R is projected onto a 
wafer W through a projection optica! system PL. Specific 
illumination characteristics are measured using an 
evaluation mark plate 33 on a reticle stage 31, and a 
spatial image measuring system 48 provided on a wafer 
state 39 and then the state of the second fiy eye lens 9 

and the lens systems 12, 13 is adjusted through drive units 23, 24 and 25 based on the 
measurements. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the aligner which is equipped with the illumination system which illuminates the 1st body 
with an exposure beam, and exposes the 2nd body through said 1st body with said exposure beam in 
order to be arranged in said illumination system, for said two or more lighting conditions to resemble the 
lighting condition switch system which switches the lighting conditions of said exposure beam to any of 
two or more lighting conditions they are, respectively, to respond and to control the predetermined 
lighting property of said illumination system The aligner characterized by preparing the adjustment 
system which adjusts the condition of the predetermined optical member in said illumination system, 
[Claim 2] Said lighting property is an aligner of the illuminance uneveimess of said exposure beam, and 
the amount of collapse of the tele cent rucksack nature of said exposure beam according to claim 1 
which comes out on the other hand at least, and is characterized by a certain thing, 

[Claim 3] Said Sighting property is an aligner according to claim 2 characterized by being the inclination 
component and scale-factor component of the amount of collapse of said exposure beam at the 
inclination component of the illuminance uneveimess of said exposure beam and a concavo-convex 
component, and a list. [ of tele cent rucksack nature ] 

[Claim 4] Claims I and 2 characterized by having the property measurement system which measures 
said lighting property of said illumination system, and the operation control system memorized in quest 
of the relation between the amount of drives of said adjustment system, and the variation of said lighting 
property based on the measurement result of this property measurement system, or an aligner given in 3. 
[Claim 5] The aligner characterized by to prepare the property measurement system which measures the 
predetermined lighting property of said illumination system, and the adjustment system which adjusts 
the condition of the predetermined optical member in said illumination system according to the 
measurement result of this property measurement system in the aligner which is equipped with the 
illumination system which illuminates the 1st body with an exposure beam, and exposes the 2nd body 
through said 1st body with said exposure beam, 

[Claim 6] It is an aligner given in any 1 term of claims 1-5 which said illumination system has an optical 
integrator and are characterized by said adjustment system adjusting the location of the direction of an 
optical axis of said optical integrator, 

[Claim 7] Said illumination system said exposure beam which passed said optical integrator The 
irradiated plane of said 1st body, It has further the 1st optical system led to this and a field [ **** ], and 
the 2nd optical system. Or said adjustment system The aligner according to claim 6 characterized by 
adjusting the location and tilt angle of a direction perpendicular to the optical axis of said 2nd optical 
system at the location of the direction of an optical axis of said optical integrator, the location of the 
direction of an optical axis of said 1st optical system, and a list, 

[Claim 8] An optical element for said illumination system to set the illumination distribution of said 
exposure beam as the local field for deformation lighting, It has the condensing optical system which 
draws the exposure beam from this optical element, and an optical integrator for equalizing the 
illuminance distribution of the exposure beam from this condensing optical system. Said adjustment 
system An aligner given in any 1 term of claims 1-7 characterized by adjusting the condition of the 
optical member which constitutes said condensing optical system, 

[Claim 9] Said illumination system is an aligner according to claim 8 characterized by adjusting the 
condition of said beam shaping optical system by said adjustment system so that it may have the beam 
shaping optical system which fabricates the exposure beam from the exposure light source, and is led to 
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said optica] element and the magnitude of the illuminance of said exposure beam and the magnitude of 
dispersion in the illuminance distribution of said exposure beam can be balanced. 

[Claim 1 0] The aligner characterized by dividing the amount of collapse of the tele cent rucksack nature 
of said exposure beam in said illumination system into an inclination component and a scale-factor 
component, and measuring it in the aligner which is equipped with the illumination system which 
illuminates the 1st body with an exposure beam, and exposes the 2nd body through said 1 st body with 
said exposure beam. 

[Claim 1 1] The aligner according to claim 10 characterized by dividing the illuminance uneveimess of 
said exposure beam by said illumination system into an inclination component and a concavo-convex 
component, and measuring it. 

[Claim 12] the [ in which said 1st body is laid ] — the [ in which 1 movable object and said 2nd body are 
laid ] — 2 movable objects having — the [ said / the 1st and ] — an aligner given in any 1 term of claims 
1-1 1 characterized by having further the drive system which carries out the synchronous drive of the 2 
movable objects, and carrying out scan exposure of said 2nd body with said exposure beam through said 
1 st body. 

[Claim 13] The aligner according to claim 12 characterized by measuring the inclination component of 
the illuminance unevermess about the non-scanning direction which intersects perpendicularly with the 
scanning direction where said exposure beam is detected on the predetermined side where said 2nd body 
is arranged, and said 1st and 2nd bodies are moved in the exposure field of said exposure beam at the 
time of said scan exposure. 

[Claim 14] The aligner according to claim 13 characterized by determining the concavo-convex 
component of said illuminance uneveimess, and the inclination component about said non-scanning 
direction based on the cumulative size distribution about said non-scanning direction which integrates an 
illuminance or the quantity of light and is acquired about said scanning direction in the exposure field of 
said exposure beam. 

[Claim 15] the [ said ] — claims 12 and 13 characterized by detecting the exposure beam irradiated by 
the mark prepared on 1 movable object in addition to said 1st body, and measuring the amount of 
collapse, or an aligner given in 14. 

[Claim 16] In the adjustment approach of the aligner which irradiates the exposure beam which passes 
along an illumination system at the 1st body, and exposes the 2nd body with said exposure beam through 
said 1st body While measuring the lighting property which detects said exposure beam on the 
predetermined side where said 2nd body is arranged, and contains at least one side of the telecentricity 
of said illumination system, and distribution of the illuminance in the exposure field of said exposure 
beam, or the quantity of light The adjustment approach of the aligner characterized by driving said 
optical member based on said updated lighting property while updating said measured lighting property 
by count until it drives the optical member within said illumination system based on said measured 
lighting property and measures said lighting property next. 

TCiaini 17] the [ in which said 1st body is laid ] ~ the [ in which 1 movable object and said 2nd body are 
laid ] - 2 movable objects - a synchronous drive - carrying out - said 1st body - minding - said 
exposure beam — said 2nd body — scan exposure — carrying out — the [ said ] — the adjustment approach 
of the aligner according to claim 16 characterized by to measure said lighting property using the mark 
prepared in addition to said 1st body on 1 movable object. 

[Claim 18] The adjustment approach of the aligner according to claim 17 characterized by measuring the 
inclination component of the illuminance unevermess about the non-scanning direction which intersects 
perpendicularlv with the scanning direction where said exposure beam is detected on the predetermined 
side where said 2nd body is arranged, and said 1st and 2nd bodies are moved in the exposure field of 
said exposure beam at the time of said scan exposure, 

[Claim 19] In the adjustment approach of the aligner which is equipped with the illumination system 
which illuminates the 1st body with an exposure beam, and exposes the 2nd body through said 1st body 
with said exposure beam Set the condition of the predetermined optical member in said illumination 
system as two or more conditions, and the predetermined lighting property of said illumination system is 
measured, respectively. The adjustment approach of the aligner characterized by driving said optical 
member in order to memorize in quest of the relation between the amount of drives of said optical 
member, and the variation of said lighting property and to control said lighting property based on the 
memorized this relation based on this measurement result. 

[Claim 20] the adjustment approach of the aligner according to claim 19 characterized by to set it as the 
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optimal location to the lighting conditions after switching the location of said optical member when the 
switch of the lighting conditions of said illumination system enables they to be [ any of two or more 
lighting conditions ], and two or more of said lighting conditions are alike, respectively, it receives, it 
memorizes in quest of the optimal location of said optical member and the lighting conditions of said 
illumination system are switched. 

[Claim 21] The device manufacture approach including the process which imprints a device pattern on a 
work piece using the aligner of a publication in any 3 term of claims 1-15. 



[Translation done,] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the invention] This invention relates to the aligner equipped with the function to adjust 
especially an illumination system automatically, about the aligner used in order to imprint a mask pattern 
on a substrate through projection optics at the lithography process for manufacturing a semiconductor 
device, a liquid crystal display component, a plasma display component, or the thin film magnetic head, 
and the adjustment approach of this aligner, 
[0002] 

[Description of the Prior Art] Since it corresponds to improvement the degree of integration of a 
semiconductor device, and whenever detailed, in the aligner which bears the lithography process (it 
consists of a resist spreading process, an exposure process, and a resist development process typically) 
for manufacturing a semiconductor device, it is required that resolution, imprint fidelity, etc, should be 
raised more, Thus, in order to raise resolving power and imprint fidelity, while turning the wavelength of 
the exposure light as an exposure beam short wave iength and using projection optics with large 
numerical aperture, it is necessary to perform light exposure control for exposing the photoresist applied 
on the wafer as a substrate with proper light exposure with high precision. And in order to pull out the 
image formation property of the projection optics to a limitation and to perform light exposure control of 
a photoresist with high precision, it is necessary to optimize the illumination-light study system so that 
the lighting property of the illumination-light study system which illuminates the reticle as a mask with 
exposure light may be raised as much as possible. 

[0003] Adjustment for optimizing the illumination-light study system of an aligner was conventionally 
performed at the following processes. 

(b) An operator measures the lighting property for [ of an illumination-light study system ] adjustment 
(for example, illuminance unevenness). 

(b) Adjust the conditions (a location or tilt angle) of a predetermined optical member using the drive unit 
corresponding to the lighting property based on the measurement result. By correcting an optical design 
value based on experience of an operator, the amount of drives in this case is set up so that that lighting 
propertv may be improved as much as possible. 

[0004] (c) After the adjustment, in case'the amount in which the lighting property remains is re- 

measured and the amount which remains exceeds tolerance, readjust through the drive unit. 

(d) Memorize the final condition (optimal condition) of the optical member after completion of the 

adjustment. 

And in each of two or more lighting conditions, when a condition with the optimal optical member 
which repeats the above-mentioned adjustment process for every lighting property for adjustment, and 
corresponds was memorized and lighting conditions were switched, the corresponding optical member 
was set as the respectively optima) condition, 
[0005] 

[Problem(s) to be Solved by the Invention] Adjustment for optimizing the illumination-light study 
system of the conventional aligner was performed by the operator like the above at the time of rigging of 
an aligner, and a maintenance etc. However, when an operator adjusts, there is un-arranging [ that 
adjustment takes long time amount ]. Furthermore, since it was necessary to adjust an illumination-light 
study system about two or more lighting conditions of all, respectively, the whole adjustment time 
amount was quite long. Moreover, since the time amount which optimization takes was influenced by an 
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operators level of skill, it also had a possibility that adjustment time amount might become long further 
for some operators, 

[0006] Moreover, since it was necessary to take into consideration the effect of mutual accompanying 
adjustment etc. when the condition of two or more optical members in an illumination-light study system 
needs to be adjusted, the adjustment process was very complicated. Thus, it was difficult for adjustment 
of the conventional illumination-light study system to perform employment to which the permissible 
level of a predetermined lighting property is changed according to the precision prescribe of the device 
which required the complicated process of long duration, and which is sake [ a device ] for example, 
manufactured etc. Moreover, although the illuminance unevenness in a lighting property etc. may 
change with the cloudiness of the optical member in an illumination-light study system, degradation of 
** material, etc. with time, it was difficult to correspond promptly by the conventional adjustment 
approach also in such a case, for example, 

[0007] This invention sets it as the 1st purpose to offer the aligner which can adjust an illumination-light 
studv svstem in a short time correctlv in view of this point. Furthermore, this invention sets it as the 2nd 
purpose to offer the aligner which can adjust substantially the illumination-light study system which can 
be switched to two or more lighting conditions automatically. 

[0008] Furthermore, this invention aims also at offering the efficient operation of such an aligner, and 

the highly precise device manufacture approach using the aligner. 

[0009] 

[Means for Solving the Problem] In the aligner which the 1st aligner by this invention is equipped with 
the illumination system (ILS) which illuminates the 1st body (R) with an exposure beam, and exposes 
the 2nd body (W) through the 1 st body with the exposure beam The lighting condition switch system 
which is arranged in the illumination system and switches the lighting conditions of the exposure beam 
to any of two or more lighting conditions they are (10 lOe), in order two or more of the lighting 
conditions are alike, respectively, and to respond and to control the predetermined lighting property of 
the illumination system, the adjustment system (23, 24, 25) which adjusts the condition of the 
predetermined optical member in the illumination system (9, 12, 13) is prepared. 

[0010] According to this this invention, when lighting conditions are switched by the lighting condition 
switch system, according to the lighting conditions after a switch, the conditions fthe location of the 
direction of an optical axis, the location of a direction perpendicular to an optical axis, tilt angle, etc.) of 
the optical member are adjusted through the adjustment svstem. The predetermined lighting property of 
an illumination system is automatically controllable by this in the desired condition respectively 
substantially to two or more lighting conditions. 

[001 1] In this case, an example of the predetermined lighting property for [ that ] evaluation is either [ at 
least ] the illuminance unevenness of that exposure beam, or the amount of collapse of the tele cent 
rucksack nature of that exposure beam. These are very important properties, in order to obtain high 
resolution on [ both ] the 2nd body. Furthermore, it is desirable to use the lighting property for [ the ] 
evaluation as the inclination component (two-dimensional vector quantity) and scale-factor component 
of the amount of collapse of the exposure beam at the inclination component of the illuminance 
unevenness of the exposure beam and a concavo-convex component, and a list. [ of tele cent rucksack 
nature ] Since the component of these five lighting properties can be controlled easy almost 
independently by driving two or more optica! members in that illumination system mutually- 
independent, it is easily automatable especially. 

[0012] In addition, the amount of col lapse of the tele cent rucksack nature of an exposure beam is the 
telecentricity of an illumination system (or illumination-light study system) here. Moreover, it is 
desirable to have the property measurement system (33, 46, 42) which measures that lighting property of 
that illumination system, and the operation control system (22) memorized in quest of the relation of the 
amount of drives and the variation of a lighting property of that adjustment system based on the 
measurement result of this property measurement system. When the lighting property changes with time, 
measure the lighting property, for example by the property measurement system periodically, or the 
relation memorized previously is updated by count (simulation) — or both — using together (that is, the 
above-mentioned relation being updated by count between measurement of a periodical lighting 
property) ~ By driving the adjustment system based on this 3 the lighting property can be quickly 
returned to a desired condition. 

[0013] Next, the 2nd aligner of this invention is equipped with the illumination system (ILS) which 
illuminates the 1st body (R) with an exposure beam, and sets it to the aligner which exposes the 2nd 
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body (W) through the 1st body with the exposure beam, The property measurement system (33, 46, 42} 
which measures the predetermined lighting property of that illumination system, and the adjustment 
system (23, 24, 25) which adjusts the condition of the predetermined optical member in that illumination 
system according to the measurement result of this property measurement system are prepared, 
[0014] According to this this invention, the illumination system can be correctly adjusted in a short time 
by driving the adjustment system based on the measurement result of the property measurement system 
equipped with the space image measurement system etc., for example. In these this inventions the 
illumination system An optical integrator (9), and (a YUNIFO mizer or a homogenizer), The exposure 
beam which passed the optical integrator The irradiated plane of the 1st body, Or when it has the 1st 
optical system (12) led to this and a field [ **** ] 9 and the 2nd optical system (13), the following lighting 
properties can be substantially controlled by adjusting the condition of these optical members as follows 
mutually-independent, respectively. 

[0015] Justification of the direction of an optical axis of an optical integrator (9) i The scale-factor 
component of the amount of collapse of the tele cent rucksack nature of an exposure beam, (al) Two- 
dimensional justi fication of a direction perpendicular to the concavo-convex component of the 
justifi cati on :i 1 luminance unevenness which is the direction of an optical axis of the 1st optical system, 
and the optical axis of the 2nd (cl) optical system : The inclination component of the amount of collapse 
of the tele cent rucksack nature of an exposure beam (two-dimensional vector quantity), (bl) The tilt 
angle of the 2nd optical system: (dl) The inclination component of the direction of illuminance 
unevenness which carries out a tilt, As for the direction which carries out a tilt, in the case of the aligner 
of a scan exposure method, it is desirable to deal with the non-scanning direction which intersects 
perpendicularly with a scanning direction. This is because the equalization effectiveness does not arise 
to illuminance unevenness being equalized in a non-scanning direction according to the storage effect, 
so amending by the tilt is desirable in a scanning direction, 

[0016] Moreover, an optical element for the illumination system to set the illumination distribution of 
the exposure beam as the local field for deformation lighting in above-mentioned this invention (55), 
The beam shaping optical system which leads the exposure beam from the exposure light source to the 
optical element (5), The condensing optical system which draws the exposure beam from the optical 
element (55) (7A, 7B), When it has an optical integrator (9) (a YUNIFO mizer or homogenizer) for 
equalizing the illuminance distribution of the exposure beam from this condensing optical system, as for 
that adjustment system, it is desirable to adjust the condition of that condensing optical system or its 
beam shaping optical system, 

[0017] under the present circumstances, illuminance unevenness can be made small, after making loss of 
an exposure beam into min by adjusting that beam shaping optical system so that it may be alike, for 
example, the magnitude of the illuminance of that exposure beam and the magnitude of dispersion in the 
illuminance distribution of that exposure beam can be balanced. Moreover, the 3rd aligner of this 
invention is equipped with the illumination system (ILS) which illuminates the 1st body (R) with an 
exposure beam, in the aligner which exposes the 2nd body (W) through the 1 st body with the exposure 
beam, divides the amount of collapse of the tele cent rucksack nature of the exposure beam in the 
illumination system into an inclination component and a scale-factor component, and measures it. Thus, 
by dividing into an inclination component and a scale-factor component, it can adjust easily almost 
mutually-independent. 

[0018] the [ in which the 1st body is laid in the aligner of above-mentioned this invention ] — the [ in 
which 1 movable object (31) and its 2nd body are laid ] — 2 movable objects (39) — having — the [ its 
1st / the / and ] — it has further the drive system (34 41) which carries out the synchronous dri ve of the 2 
movable objects, and may be made to carry out scan exposure of the 2nd body with the exposure beam 
through the 1st body . In this case, it is desirable to measure the inclination component of the illuminance 
unevenness about the non-scanning direction which intersects perpendicularly with the scanning 
direction where that exposure beam is detected on the predetermined side where that 2nd body is 
arranged, and those 1 st and 2nd bodies are moved in the exposure field of that exposure beam at the time 
of that scan exposure. When performing scan exposure, since the illuminance unevenness of a scanning 
direction is reduced by the equalization effectiveness, it is measuring the illuminance unevenness of a 
non-scanning direction, and can simplify a metering device, 

[0019] Moreover, the exposure beam irradiated by the mark (3 6 A) prepared on the 1st C dynamic body 
in addition to the 1st body is detected, and you may make it measure the amount of collapse. A lighting 
property can be measured if needed by this, without depending on the pattern of the 1st body (mask 
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etc). Next, the adjustment approach of the 1st aligner of this invention In the adjustment approach of the 
aligner which irradiates the exposure beam which passes along an illumination system (ILS) at the 1st 
body (R), and exposes the 2nd body (W) with the exposure beam through the 1st body While measuring 
the lighting property which detects the exposure beam on the predetermined side where the 2nd body is 
arranged, and contains at least one side of the telecentricity of the illumination system, and distribution 
of the illuminance in the exposure field of the exposure beam, or the quantity of light While updating the 
measured lighting property by count until it drives the optical member within the illumination system (9, 
12, 13) based on the measured lighting property and measures the lighting property next, the optical 
member is driven based on the updated lighting property. 

[0020] According to this this invention, the measurement frequency of the lighting property is lessened 
and the lighting property of the illumination system can be adjusted in a short time with high precision, 
The synchronous drive of the 2 movable objects (39) is carried out, the [ in this case, / in which that 1st 
body is laid ] — the [ in which 1 movable object (31) and its 2nd body are laid ] — You may make it 
measure the lighting property using the mark (3 6 A) which carries out scan exposure of the 2nd body 
with the exposure beam through the 1st body, and is prepared on the 1st C dynamic body in addition to 
the 1 st bodv. 

[0021] Furthermore, you may make it measure the inclination component of the illuminance uneveaness 
about the non-scanning direction which intersects perpendicularly with the scanning direction where the 
exposure beam is detected on the predetermined side where the 2nd body is arranged, and the 1st and 
2nd bodies are moved in the exposure field of the exposure beam at the time of the scan exposure. The 
illuminance unevenness of a scanning direction is measuring the component of a non-scanning direction, 
since it decreases by the equalization effectiveness, in the case of a scan exposure method, simplifies a 
measurement process, and can measure a required lighting property efficiently in it. 
[0022] Next, the adjustment approach of the 2nd aligner of this invention In the adjustment approach of 
the aligner which is equipped with the illumination system (ILS) which illuminates the 1st body with an 
exposure beam, and exposes the 2nd body through the 1st body with the exposure beam The condition of 
the predetermined optical member in the illumination system (9, 12, 13) is set as two or more conditions. 
The predetermined lighting property of that illumination system is measured, respectively, and it 
memorizes in quest of the relation (ratio etc) of the amount of drives and the variation of a lighting 
property of that optical member based on this measurement result, and based on this memorized relation, 
in order to control that lighting property, that optical member is driven. According to this invention, a 
lighting property can be efficiently adjusted by asking for the relation of the amount of drives and the 
variation of a lighting property of the optical member beforehand. 

[0023] Moreover, the device manufacture approach of this invention includes the process which imprints 
a device pattern (R) on a work piece (W) using the aligner of this invention. A device with a high degree 
of integration can be mass-produced with high precision by this invention, 
[0024] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per example of the 
gestalt of operation of this invention, This example applies this invention to the projection aligner of the 
scan exposure mold of step - and - scanning method, or step - and - SUTITCHI method. Drawin g 1 
shows the outline configuration of the projection aligner of this example, and the ArF excimer laser 
(wavelength of 193nm) is used as the exposure light source 1 in this drawing 1 . However, as the 
exposure light source 1, it is KrF excimer laser (wavelength of 248nm), and F2. Laser (wavelength of 
157nm), and Kr2 Laser (wavelength of 146nm), the higher-harmonic generator of an YAG laser, the 
higher-harmonic generator of semiconductor laser, or a mercury lamp can be used, the beam matching 
unit (BMU) 2 for the exposure light IL (exposure beam) which consists of ultraviolet pulsed light with a 
wavelength [ from the exposure light source 1 ] of 193nm to make an optical path match in location 
between the bodies of an aligner — a passage — the adjustable beam attenuator 3 as an optical attenuator 
— incidence — carrying out . While the exposure control unit 21 for controlling the light exposure to the 
photoresist on a wafer controls an output (an oscillation frequency, pulse energy) in initiation of 
luminescence of the exposure light source 1 and a halt, and a list, the rate of extinction in the adjustable 
beam attenuator 3 is adjusted gradually or continuously. 

[0025] Incidence of the exposure light IL which passed along the adjustable beam attenuator 3 is earned 
out to the 1st fly eye lens 6 as an optical integrator (a YUNIFO mizer or homogenizer) of the 1st step 
through the beam shaping system 5 which consists of 1st lens system 4A and 2nd lens system 4B which 
are arranged in accordance with a predetermined optical axis. Incidence of the exposure light IL injected 
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from this 1st fly eye lens 6 is carried out to the 2nd fly eye lens 9 as an optical integrator of the 2nd step 
through the mirror 8 for 1st lens system 7A and optical-path bending, and 2nd lens system 7B. The relay 
optical system (or it can also be called a beam shaping system) as condensing optical system consists of 
1st lens system 7A and 2nd lens system 7B. 

[0026] The aperture-diaphragm plate 1 0 is arranged by drive-motor lOe free [ rotation ] in the optical 
Fourier transform side (pupil surface of an illumination system) over the injection side of the 2nd fly eye 
lens 9, i.e., the pattern side of the reticle R for exposure, (reticle side). As shown to the aperture- 
diaphragm plate 10 in a front view at dra win g 6 (b), aperture-diaphragm 10a usually circular [ for 
lighting ], Aperture-diaphragm 10b for the zcma-orbicularis lighting as an example of deformation 
■Shi. ap^ure-diaphragm 8 10c which consists of small opening in which the plurahty (this example 
four pieces) for the deformation light sources (or the so-called oblique illumination) as another example 
of deformation lighting carried out eccentricity, And lOd of aperture diaphragms of the small small- 
circle form for coherence factors (sigma value) is arranged tree [ a switch j. Aperture-diaphragm 10c can 
also be said to be the aperture diaphragm for 4 pole lighting. The "lighting condition switch system" 
which switches lighting conditions to anv of two or more lighting conditions (usually lighting, 
deformation lighting, and small sigma value lighting) they are consists of an aperture-diaphragm plate 
10 and drive-motor 10e, and the main control system 22 which carries out control control of the 
actuation of the whole equipment sets up lighting conditions through drive-motor lOe. 
[0027] In drawing 1 , aperture-diaphragm l()a for lighting is usually installed in the injection side of the 
2nd fly eye lens 9, and incidence of the exposure light IL which was injected from the 2nd fly eye lens 9 5 
and passed apeiture-diaphragm 10a is carried out to the beam splitter 1 1 with a low reflection factor with 
high transmission. Incidence of the exposure light reflected by the beam splitter 1 1 is carried out to the 
integrator sensor 20 which consists of a photodetector through the lens 19 for condensing, and the 
detecting signal SI of the integrator sensor 20 is supplied to the exposure control unit 21 . The relation 
between the detecting signal of the integrator sensor 20 and the illuminance of the exposure light IL on 
the wafer W as an exposed substrate is measured with high precision beforehand, and is memorized by 
the memory in the exposure control unit 21 . The exposure control unit 21 is constituted so that the 
monitor of the illuminance (average) and its integral value of the exposure light IL to Wafer W can be 
carried out more nearly indirectly than the detecting signal of the integrator sensor 20. 
[0028] the exposure light IL which penetrated the beam splitter 1 1 should pass the 1st lens system 12 
(the 1st optical svstem) and the 2nd lens svstem 13 (the 2nd optical system) in accordance with an 
optical axis I AX — incidence is carried out to fixed blind (fixed lighting field diaphragm) 14A and 
movable blind (movable lighting field diaphragm) 14B one by one. The latter movable blind 14B is 
installed in the conjugation side over a reticle side, and the former fixed blind 14A is arranged in the 
field which defocused only the specified quantity from the conjugation side. Fixed blind 14A centers on 
an optical axis AX mostly within the circular visual field of projection optics PL, and has opening 
arranged so that it may be extended the shape of a straight-line slit, and in the shape of a rectangle 
(collectively henceforth "the shape of a slit") to the non-scanning direction (the direction of X) which 
intersects perpendicularly with the scanning direction (the direction of Y) where Reticle R and Wafer W 
are moved at the time of scan exposure as indicated by JF,4-1 965 13, A. That is, in this example, fixed 
blind 34A has the Sekiguchi section whose width of face about a scaaning direction is immobilization at 
least while specifying exposure field 35P on the lighting field 35 on the reticle R by which the exposure 
light IL is irradiated, and Wafer W (projection field in which it is the lighting field 35 and conjugate and 
the pattern image in the lighting field 35 is formed about projection optics PL), 

T00291 Furthermore, movable blind 14B is used in order to make adjustable width of face of the lighting 
field 35 specified by fixed blind 14A in order to prevent unnecessary exposure at the time of initiation of 
the scan exposure to each siiot field on Wafer W, and termination, and the scanning direction of 
exposure field 35P, Movable blind 14B is used also in order to make the width of face adjustable 
according to the size of the pattern space of Reticle R about the direction (non-scaruiing direction) which 
intersected perpendicularly with the scanning direction SD further, The information on the numerical 
aperture of movable blind 14B is supplied also to the exposure control unit 21, and the value which 
multiplied the illuminance called for from the detecting signal of the integrator sensor 20 by the 
numerical aperture serves as an actual illuminance on Wafer W. In addition, the arrangement is not 
limited to dr.awi.ng_I , and fixed blind 14A and movable blind 14B may make fixed blind 14A approach 
Reticle R between Reticle R and an illumination-light study system, for example, may be arranged, 
[0030] The exposure light IL which passed fixed blind 14A at the time of exposure illuminates the 
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lighting field (lighting visual field field) 35 of the pattern side (inferior surface of tongue) of the reticle R 
as a mask through the mirror 15 for optical-path bending, the lens system 16 for image formation, the 
subcondensing lens system 17, and the main condensing lens system 18. the basis of the exposure light 
IL - the image of the eircuit pattern in the lighting field of Reticle R - a both-sides tele cent - through 
the rucksack projection optics PL, it is the predetermined projection scale factor beta (beta is 1/4, and 1 / 
5 grades), and exposure field 35P of the shape of a slit of the photoresist layer on the wafer W as a 
substrate (expose substrate) arrange in the image formation side of projection optics PL imprint. Reticle 
R and Wafer W are equi valent to the 1st body and the 2nd body of this invention, respecti vely, and 
Wafers (wafer) W are disc-like substrates, such as semi-conductors (silicon etc.) or SOI (silicon on 
insulator). Although the projection optics PL as a projection system of this example is dioptric 
(refractive media), it cannot be overemphasized that a catadioptric system (reflective refractive media) 
and a reflective system can also be used. The Z-axis is taken in parallel with the optical axis AX of 
projection optics PL hereafter, a Y-axis is taken to a scanning direction (direction parallel to the space of 
drawing 1 here) in a flat surface perpendicular to the Z»axis, and the X-axis is taken and explained to the 
non-scanning direction (direction perpendicular to the space of drawing 1 here) which intersects 
perpendicularly with a scanning direction. 

[003 1] In dra w ing 1 The exposure light source 1, the beam matching unit 2, the adjustable beam 
attenuator 3 ? the beam shaping system 5, the 1st fly eye lens 6, 1st lens system 7A, 2nd lens system 7B, 
the 2nd fly eye lens 9, the 1st lens system 12, the 2nd lens system 13, fixed blind 14A, The illumination- 
light study system IL3 consists of movable blind 14B, an image formation lens system 16, a 
subcondensing lens system 17, and main condensing lens system 18 grade, and the illumination-light 
study system ILS supports the illumination system of this invention, And the optica! axis IAX of the 
illumination-light study system ILS has agreed with the optical axis AX of projection optics PL on 
Reticle R, In this example, the 2nd fly eye lens 9, the 1st lens system 12, and the 2nd lens system 13 are 
equipped with the 1 st drive unit 23, the 2nd drive unit 24, and the drive unit group 25, respectively, 
[0032] Drawing.2 is the perspective view showing the optical system from the 2nd fly eye lens 9 of 
drawing 1 to the 2nd lens system 13, and relation with the lighting field 35, and makes the direction of 
[ on the 2nd fly eye lens 9 corresponding to the scanning direction SD (the direction of Y) and the non- 
scanning direction (the direction of X) of the reticle to the lighting field 35 j the direction of y, and x 
directions in this drawing 2 , respectively. And the 1st drive unit 23 adjusts the location of the optical- 
axis IAX direction (the direction of an arrow head Al) of the 2nd fly eye lens 9, and the 2nd drive unit 
24 adjusts the location of the direction of the optical axis IAX of the 1st lens system 12 (the direction of 
an aiTOw head A2). The drive unit group 25 of drawing 1 Moreover, 3rd drive unit 25X of drawing.2 , It 
consists of the 4th drive unit 25Y and the 5th drive unit 25T. The drive units 25X and 25Y adjust the 
location of x directions (the direction of arrow-head A3) respectively perpendicular to the optical axis 
IAX of the 2nd lens system 13, and the direction (the direction of arrow-head A4) of y. Drive unit 25T 
adjust the surrounding (the direction of arrow-head A5) tilt angle of a shaft parallel to the y-axis through 
the optical axis IAX of the 2nd lens system 13. It can be said that drive unit 25T adjust the tilt angle (tilt 
angle) of the 2nd lens system 13 a direction [ corresponding to the non-scanning direction of the lighting 

mi 

[0033] As drive units 23-25T, the driving gear to which the variation rate of the flange of the optical 
member for a drive is carried out, for example by driver elements, such as a micrometer of an electric 
type or a piezo-eleetric element, can be used. In this case, the encoders (rotary encoder etc.) (un- 
illustrating) in which the amount of displacement of the optical member in [ which can be driven ] the 
range (drive stroke) is shown, respectively are built into the drive units 23-25T. The detecting signal of 
these encoders is supplied to the drive system 26 of drawing 1 , and a drive system 26 controls the 
condition of the 2nd fly eye lens 9, the 1st lens system 12, and the 2nd lens system 13 through the drive 
units 23-25T based on the detecting signal and the drive information from the main control system 22. In 
addition, for example, an electrostatic-capacity sensor etc. may be used as an encoder the drive unit 23 - 
for 25T. 

[0034] Moreover, when performing deformation lighting, as shown in drawing^ (a), st consists of these 
examples so that the 1st fly eye lens 6 can be exchanged using a swap device 56 by the quantity of light 
distribution sensing element 55 which consists of a diffracted-light study component (Diffractive Optical 
Element:DOE). The quantity of light distribution sensing element 55 is equivalent to the optical element 
for setting an exposure beam as a local field. 

[0035] In drawin g 6 (a), in performing deformation lighting, zona-orbicularis-like aperture-diaphragm 
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1 Ob (or aperture-diaphragm 1 Oc for 4 pole lighting) is installed in the injection side of the 2nd fly eye 
lens 9 as an example, and the quantity of light distribution sensing element 55 condenses the exposure 
light IL according to the diffraction effect to the almost ring band-like field of the plane of incidence of 
the 2nd fly eye lens 9. The quantity of light distribution sensing element 55 is also contained in the 
illumination-light study system ILS. Also when the use effectiveness of the exposure light IL is raised 
by this and it performs deformation lighting by it, a high illuminance is obtained on a wafer. In this case, 
the drive unit 57 for adjusting the drive unit 62 for adjusting the location of the two-dimensional 
direction perpendicular to the drive unit 58 for adjusting the location of the optical-axis IAX direction of 
2nd lens system 7B and the optical axis of 1st lens system 7A and the location u of the optical-axis IAX 
direction of 2nd lens system 4B of the beam shaping system 5 is used. The drive units 57, 58, and 62 
which consist of micrometers of an electric type etc. are also equipped with an encoder, respectively, 
and based on the drive information on the detecting signal of these encoders, and the main control 
system 22 of drawin g 1 , it is constituted so that a drive system 26 can control the condition of the 2nd 
lens system 57, 2nd lens system 7B, and 1st lens system 7A through the drive units 57 3 58, and 62. 
[0036] In addition, two or more quantity of light distribution sensing elements (diffracted-light study 
component) which generate the exposure light IL from which the exposure field (intensity distribution) 
on the plane of incidence of the 2nd fly eye lens 9 differs are prepared in a swap device 56. According to 
lighting conditions (one [ namely, / the intensity distribution of the exposure light IL on the pupil surface 
of an illumination-light study system, and two or more aperture diaDhragms / lOa-lOd / which are 
arranged in an illumination-light way in this example ]), the quantity of light distribution sensing 
element to which the use effectiveness of the exposure light IL becomes high most is chosen, and you 
may make it arrange in an iliumination-light way, It is not necessary to form the 1st fly eye lens 6 in a 
swap device 56 at this time. 

[0037] Adsorption maintenance of return and the reticle R is carried out on a reticle stage 31, and the 
reticle stage 31 is laid in drawing 1 so that it can move slightly to the direction of X, the direction of Y, 
and a hand of cut, while being able to carry out uniform migration in the direction of Y on the reticle 
base 32, The two-dimensional location of a reticle stage 31 (reticle R) and the angle of rotation are 
measured by real time with the laser interferometer in the drive control unit 34. Based on this 
measurement result and the control information from the main control system 22, the drive motors in the 
drive control unit 34 (a linear motor, voice coil motor, etc) perform the scan speed of a reticle stage 3 1 , 
and control of a location. Moreover, the evaluation mark plate 33 which consists of a glass substrate near 
the reticle R of a reticle stage 31 is being fixed. 

[0038] Drawing 3 (a) is the top view showing the reticle stage 31 of drawing 1 , and is set to this 
drawing 3 (a). The evaluation mark plate 33 is fixed on opening of the field which adjoins a scanning 
direction SD (the direction of Y) to the reticle R of a reticle stage 3 1 . In the field of the almost same 
magnitude as the lighting field 35 of the evaluation mark plate 33, the same 13 two-dimensional marks 
36A and 36B for evaluation and -36M are formed as an example by almost uniform distribution. 
Although mark 36A for evaluation is the two-dimensional mark which combined mark 37Y' of the Y- 
axis which consists of Rhine - and - tooth-space pattern which were arranged in the predetermined pitch 
in mark 37X and the direction of Y of the X-axis which consists of Rhine - and - tooth-space pattern 
which were arranged in the predetermined pitch in the direction of X, a box Inn box mark etc. can be 
used. In this example, in case the amount of collapse of the tele cent rucksack nature of the exposure 
light IL 5 i.e., the telecentricity of an illumination-light study system, is measured like the after- 
mentioned, a reticle stage 31 is driven in the direction of Y, the core (the mark 36 for evaluation G 
cores) of the evaluation mark plate 33 is doubled with the core (optical axis AX) of the lighting field 35, 
and the marks 36A and 36B for evaluation and the image of — 36M are projected on a wafer side through 
projection optics PL. Image 36AP of mark 36A for evaluation is shown in the enlarged drawing of 
drawing 3 (b). 

[0039] Adsorption maintenance is carried out on the wafer stage 39 through the wafer holder 38 to 
drawing 1 , and return and Wafer W cany out two-dimensional migration of the wafer stage 39 along the 
image surface of projection optics PL, and parallel XY flat surface at it on the wafer base 40. Namely, 
the wafer stage 39 carries out step migration in the direction of X, and the direction of Y while moving 
in the direction of Y with constant speed on the wafer base 40. Furthermore, Z leveling device which 
controls the surrounding tilt angle of the location (focal location) of the Z direction of Wafer W, the X- 
axis, and a Y-axis is also included in the wafer stage 39, and the automatic focus sensor (un-illustrating) 
of the multipoint for measuring a focal location in two or more measure points of the front face of Wafer 
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W is also formed in it. The front face of Wafer W focuses to the image surface of projection optics PL 
by driving Z leveling device by the automatic focus method based on the measurement value of the 
automatic focus sensor at the time of exposure. Moreover, at the time of measurement of a lighting 
property, only the amount of arbitration can control the focal location of the top face of the wafer stage 
39 by driving Z leveling device in the wafer stage 39 based on the measurement value of the automatic 
focus sensor as an example, 

[0040] The surrounding angle of rotation of the location of the direction of X of the wafer stage 39 and 
the direction of Y and the X-axis, a Y-axis, and the Z-axis is measured by real time with the laser 
interferometer in the drive control unit 41 . Based on this measurement result and the control information 
from the main control system 22 3 the drive motors in the drive control unit 41 (linear motor etc.) perform 
the scan speed of the wafer stage 39, and control of a location. 

[0041] The main control system 22 sends various information, such as each migration location of a 
reticle stage 31 and the wafer stage 39 ? passing speed, migration acceleration, and location offset, to the 
drive control units 34 and 41 . And it synchronizes with Reticle R being scanned at a rate Vr in the 
direction (or the direction of -Y) of +Y to the lighting field 35 of the exposure light IL through a reticle 
stage 31 at the time of scan exposure. Wafer W is scanned in the direction (or the direction of +Y) of -Y 
to exposure field 35P of the pattern image of Reticle R through the wafer stage 39 by rate beta-Vr (beta 
is a projection scale factor from Reticle R to Wafer W). In order to prevent the exposure to an 
unnecessary part at the time of initiation of the scan exposure in this case, and termination, the switching 
action of movable blind 14B is controlled by the drive control unit 34. 

[0042] Furthermore, the main control system 22 reads the various exposure conditions for carrying out 
scan exposure of the photoresist of each shot field on Wafer W with proper light exposure from an 
exposure data file, cooperates also with the exposure control unit 21, and performs the optimal exposure 
sequence. That is, if the command of the scan exposure initiation to one shot field on Wafer W is 
emitted by the exposure control unit 21 from the main control system 22, the exposure control unit 21 
will compute the integral value of the illuminance (sum of the pulse energy per unit time amount) of the 
exposure light IL to Wafer W through the integrator sensor 20 while starting luminescence of the 
exposure light source 1 . The integral value is reset by 0 at the time of scan exposure initiation. And the 
integral value of that illuminance is computed serially, and according to this result, the output (an 
oscillation frequency and pulse energy) of the exposure light source 1 and the rate of extinction of the 
adjustable beam attenuator 3 are controlled by the exposure control unit 21 so that proper light exposure 
is obtained on each point of the photoresist on the wafer W after scan exnosure. And luminescence of 
the exposure light source 1 is stopped at the time of termination of the scan exposure to the shot field 
concerned. 

[0043] Now, near the wafer holder 38 on the wafer stage 39 of this example, the illuminance unevermess 
sensor 42 which consists of a photodetector and has pinhole-like light sensing portion 42a (refer to 
dra win g 4 (a)) is installed, and the detecting signal S2 of the illuminance unevermess sensor 42 is also 
supplied to the exposure control unit 21. In addition, the illuminance unevermess sensor 42 may use the 
light sensing portion which consists of a line sensor or CCD prolonged along the scanning direction (the 
direction of Y) of the wafer W to exposure field 35P instead of being pinhole-like light sensing portion 
42a, combining it. In in this case, each location of the non-scanning direction (the direction of X) which 
intersects perpendicularly with a scanning direction within exposure field 35P An illuminance may be 
integrated about a scanning direction and the illumination distribution about a non-scanning direction 
may be searched for based on this addition value, By this The illumination distribution of the non- 
scanning direction which considered the equalization effecti veness of the illuminance unevermess of the 
scanning direction by scan exposure (illuminance unevenness), i.e., the light exposure distribution about 
the non-scanning direction on the wafer after scan exposure, (light exposure unevermess) can be 
acquired. Therefore, it may be made to optimize the lighting property later mentioned using this 
measurement result (amendment of illuminance unevermess). In addition, by carrying out two- 
dimensional migration of the wafer stage 39 at the time of intensity-of-illumination measurement, even 
if it uses pinhole-like light sensing portion 42a, it is possible to search for the same illumination 
distribution, 

[0044] Moreover, although not illustrated, the exposure monitor which has a wrap light sensing portion 
is also installed in exposure field 35P of the whole, and the multiplier for asking for the illuminance on 
Wafer W indirectly from the detecting signal of the integrator sensor 20 is computed based on the 
detecting signal of this exposure monitor, and the detecting signal of the integrator sensor 20, 
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Furthermore, near the wafer holder 38 on the wafer stage 39, the scan plate 43 which consists of a glass 
substrate is installed, and square opening pattern 43a is mostly formed into the light-shielding film on 
the scan plate 43, And a condenser lens 44 and a photodetector 45 are arranged at the base side of the 
scan plate 43 in the wafer stage 39, the space image measurement system 46 consists of a scan plate 43, 
a condenser lens 44, and a photodetector 45, and the detecting signal S3 of a photodetector 45 is 
supplied to the operation part in the exposure control unit 21 . 

[0045] In addition, the space image measurement system 46 may prepare only the part (for example, in 
this example, the scan plate 43 and a part of light transmission system [ at least ] containing a condenser 
lens 44 etc, are included) in the wafer stage 39, and may arrange the remaining components 
(photodetector 45 etc.) to the exterior of the wafer stage 39. moreover, at the time of measurement of the 
lighting property which only one open ROPATAN 43a is formed in the scan plate 43, and is mentioned 
later, the space image measurement system 46 Although opening pattern 43a is displaced relatively to 
each of the image of the mark for evaluation of plurality (this example 13 pieces) arranged in the 
lighting field 35, respectively to a scanning direction and a non-scanning direction (the direction of Y, 
and the direction of X) while carrying out stepping of the wafer stage 39 two-dimensional At for 
example, the time of relative displacement with the image of the mark for evaluation and an opening 
pattern form opening pattern 43 a of the two or more marks for evaluation and same number in the scan 
plate 43, and concerning a scanning direction Package detection of the image of two or more of the 
marks for evaluation may be carried out, respectively at the time of relative displacement with the image 
of the mark for evaluation and opening pattern about a non-scanning direction. 

[0046] Furthermore, form in the scan plate 43 opening pattern 43a of the mark for evaluation of plurality 
(this example five pieces), and the same number left to a non-scanning direction among two or more of 
the marks for evaluation along a non-scanning direction, and the wafer stage 39 is moved to a scanning 
direction, May detect continuously the image of each mark for evaluation arranged in a scanning 
direction for every opening pattern, and Contrary to this, open ROPATAN 43a of the mark for 
evaluation and the same number may be formed in the scan plate 43 about a scanning direction, the 
wafer stage 39 may be moved to a non-scanning direction, and the image of the mark for evaluation may 
be continuously detected for every opening pattern, At this time, it is desirable to drive movable blind 
14B according to migration of the wafer stage 39 so that the exposure light IL may be irradiated by a 
part of lighting field 35 during detection of two or more of those marks for evaluation. In addition, when 
the image and opening pattern of the mark for evaluation are displaced relatively about a non-scanning 
direction by the former approach When it is necessary to make a scanning direction carry out stepping of 
the wafer stage 39 and the image and opening pattern of the mark for evaluation are displaced relatively 
about a scanning direction by the latter approach In order to make a non-scanning direction carry out 
stepping of the wafer stage 39, it is also good to move the wafer stage 39 to a scanning direction and a 
non-scanning direction by a unit of 1 time combining both. 

[0047] For example, after moving opening pattern 43a of the scan plate 43 before image 36AP in 
measuring the location of the direction of Y of image 36AP of mark 36A for evaluation as shown in 
drawingJJ (a) and (b), the wafer stage 39 is driven and image 36AP is scanned by opening pattern 43a. 
In this case, the positional information of the wafer stage 39 is also supplied to the exposure control unit 
21 through the main control system 22, and the location of the direction of Y of image 36AP is 
computed in the operation part in the exposure control unit 21 from the signal which differentiated the 
detecting signal of a photodetector 45 about the location of the direction of X of the wafer stage 39 5 and 
was acquired. By scanning image 36AP in the direction of X by opening pattern 43a similarly, the 
location of the direction of X of image 36AP is also computed, and the positional information of the 
direction of X of image 36AP and the direction of Y is supplied to the main control system 22. 
[0048] Return, the evaluation mark plate 33 on a reticle stage 31, the illuminance unevenness sensor 42 
by the side of the wafer stage 39, and the space image measurement system 46 support drawin g 1 at the 
property measurement system which measures the predetermined lighting property (optical property) of 
this invention. Next, it explains per example of the adjustment actuation for optimizing the 
predetermined lighting property of the illumination-light study system of this example, in this example, 
dispersion (it is hereafter called "illuminance unevenness") of the il luminance distribution of the lighting 
field 35, as a result the exposure light IL of exposure field 35P and the amount of collapse of the tele 
cent rucksack nature of the exposure light IL to Reticle R (it is hereafter called "lighting TERESEN") are 
chosen as the 1st group of the predetermined lighting property. This is for these two lighting properties 
to have biggest effect to the photoresist on the projection image by projection optics PL, and Wafer W. 
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[0049] And the illuminance unevenness is divided into the primary component (this is called an 
"inclination component") about the location of the non-scamiing direction (the direction of X) of 
exposure field 35P, and the secondary component (this is called "a concavo-convex component") about 
the location. That is, if an illuminance is made into the function PF of a location X (X), an illuminance 
PF (X) can be approximated as follows and an inclination component and a multiplier b will serve as [ a 
multiplier a ] a concavo-convex component. In this case, since the illuminance unevenness component of 
a scanning direction (the direction of Y) is equalized by scan exposure, it has not been made applicable 
to evaluation especially by this example, The concavo-convex component is also a symmetrical 
component (axial symmetry component) about an optical axis. 
[0050] 

PF(X) =a-X+b-X2+ offset (1) 

Moreover, the lighting TERESEN is divided into the scale-factor component e corresponding to the 
average tilt angle to radial to the inclination components (shift component) c and d corresponding to the 
tilt angle to the average direction of X and the direction of Y of exposure light of in the lighting field 35 
(exposure field 35P), and the optical axis of exposure light. In this case, it is set as the location where 
only **delta made the focal location of the wafer stage 39 defocus to a focus location in this example. 
The location (the amount of distortion) of the image of much marks for evaluation is measured by the 
space image measurement system 46 in each focal location. The inclination components c and d can be 
calculated from the average shift amount of the image of the mark for evaluation to the variation of a 
focal location, and the scale-factor component e can be calculated from the average shift amount to 
radial [ of the image of those marks for evaluation ]. 

[0051] Moreover, although the condition of the 2nd fly eye lens 9, the 1st lens system 12, and the 2nd 
lens system 13 is controllable by this example through five drive units 23, 24, 25X, 25Y, and 25T, 
respectively as explained with reference to dra wing 2 , each above-mentioned lighting property can be 
controlled by these control almost independently as follows. 

Justification of the direction of an optical axis of the 2nd fly eye lens 9 by the 1st drive unit 23 : Scale- 
factor component [ of lighting TERESEN ] e [mrad], (a2) Justification of the direction of an optical axis 
of the 1st lens system 32 by the 2nd drive unit 24 : Concavo-convex component [ of illuminance 
unevenness ] b [%], (b2) Justification of the x directions of the 2nd lens system 13 by 3rd drive unit 
25X : Inclination component [ of the direction of X of lighting TERESEN ] c [mrad], (c2) (c3) 
justification [ of the direction of y of the 2nd lens system 13 by 4th drive unit 25Y ]: — inclination 
component [ of the direction of Y of lighting TERESEN ] d [mrad], and the (d2) 5th — inclination 
component [ of the non-scanning direction of the tilt angle adjustmentiilluminance unevenness of the 
2nd lens system 13 by drive unit 25T ] a [%]. 

[0052] Thus, when the condition of the optical member which corresponds by one drive unit of the 
arbitration of two or more drive units 23-25T is controlled by this example, only only one kind of 
lighting property (optical property) changes substantially, and the combination of the optical member 
which can control a condition so that other lighting properties do not change is optimized. By this, it is 
easy control and automatic adjustment of a lighting property can be performed with high precision. 
Moreover, all fundamental lighting properties are automatically controllable by making the number of a 
drive unit into five pieces. However, in making the lighting property of a controlled system only for 
example, into lighting TERESEN, the number of a drive unit and arrangement change according to the 
lighting property of a controlled system, such as making the number of a drive unit into three pieces. 
[0053] In addition, also as for a possibility of affecting [ in fact ] it to other lighting properties slightly 
among five drive units, for a certain reason, it is desirable for the effect to other lighting properties to 
also take into consideration. For this reason, as first shown in the flow chart of drawing 8 , when the unit 
quantity drive of the five drive units 23, 24, 25X, 25Y, and 25T is carried out, it asks for the drive rate 
which shows which can change a lighting property. 

[0054] That is, in step 101 of drawing 8 , the aperture-diaphragm plate 10 of drawing 1 is controlled, and 
lighting conditions are usually set up for any of lighting, deformation lighting (zona-orbicularis lighting 
or 4 pole lighting), or small sigma value lighting being. In the following step 102, the i-th drive unit 
(i=l-5) in five drive unit 23 - 25T is chosen. Here, the 2nd drive unit 24 corresponding to the 1 st lens 
system 12 should be chosen. In the following step 103, where it set up the amount d2 of drives of the 
drive unit 24 in the center (d2=0) of the range which can be driven and the 1st lens system 12 is set as 
the optical zero which is a location on a design, measurement of illuminance unevenness and lighting 
TERESEN is performed. 
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[0055] In order to measure the i {luminance unevenness, the glass substrate with which a pattern is not 
formed instead of Reticle R on the reticle stage 31 in drawing 1 is installed, the exposure light IL is 
irradiated to the lighting field 35, exposure field 35P are scanned to a non-scanning direction (the 
direction of X) by the light sensing portion of the illuminance unevenness sensor 42, and the detecting 
signal S2 of the illuminance unevenness sensor 42 is incorporated to the exposure control unit 21. In 
addition, the field in which the mark for evaluation in the field in which the pattern of the reticles R is 
not formed instead of or the evaluation mark plate 33 is not formed may be used, [ the glass substrate ] 
[0056] Drawing 4 (a) shows the condition of scanning exposure field 35P in the direction of X by light 
sensing portion 42a of the illuminance unevenness sensor 42, and shows the detecting signal 82 which 
curvilinear 51 A of drawin g 4 (b) was made to correspond to the location of the direction of X of the 
illuminance unevenness sensor 42 (wafer stage 39) then, and was plotted. The operation part in the 
exposure control unit 21 of this example computes the value al of the inclination component a of 
illuminance unevenness, and the value hi of the concavo-convex component b by approximating 
curvilinear 51 A with a least square method to the right-hand side of (1) type, The zero of the direction of 
X in this case is used as the optical axis AX of projection optics PL. As a dotted line shows, when 
curvilinear 51 A is divided into primary straight-line 52A and secondary curvilinear 53A, the inclination 
of straight-line 52A is set to al, and it is X2 of 2 order curvilinear 53 A. A multiplier is set to bl . 
[0057] Next, in order to measure lighting TERESEN, in drawing 1, a reticle stage 31 is driven, the core 
of the evaluation mark plate 33 is moved to the core of the lighting field 35, the wafer stage 39 is driven, 
and the scan plate 43 of the space image measurement system 46 is moved near exposure field 35P. And 
drive Z leveling device in the wafer stage 39, and only +delta sets up the focal location of the scan plate 
43 highly from the image surface (best focus location) over projection optics PL (delta is beforehand set 
up within limits from which predetermined resolution is obtained), The exposure of the exposure light IL 
is started, and as shown in drawing 5 (a), image 36AP of the marks 36A-36M for evaluation of the 
evaluation mark plate 33 - 36MP are projected on the wafer stage 39. In this condition, as explained with 
reference to drawing 3 (b), by scanning those image 36AP - 36MP in the direction of X, and the 
direction of Y by opening paLm 43a of the scan plate 43, and processing the detecting signal S3 
obtained by the operation part in the exposure control unit 21, the location of the direction of X of those 
image 36 AP - 36MP and the direction of Y is computed, and a calculation result is supplied to the main 
control system 22, the zero in this case — for example, the object for central evaluation — it is the core of 
image 36GP of mark 36G . 

[0058] In addition, it is desirable to irradiate the exposure light IL only at the mark for evaluation to 
which movable blind 14B is driven according to migration of the wafer stage 39, and a part of lighting 
field 35 should detect the image by the space image measurement system 46 during the above- 
mentioned detection actuation, Thus, let the images of the marks 36A-36M for evaluation which only 
+delta made defocus the scan plate 43 and were measured be the images 54A-54M on the grid of the 
dotted line of drawing_5 (a). In addition, for convenience, although the grid of a dotted line is drawn on 
the rectangle, a certain extent has the distorted thing of explanation by distortion in fact. 
[0059] Next, it is a best focus location about the focal location of the scan plate 43, - Only delta is set up 
low, asks for the location of the marks 36A and 36B for evaluation, the direction of X of image 36AP of 
— 36M - 36MP, and the direction of Y using the space image measurement system 46 similarly, and is 
supplied to the main control system 22. Image 36AP in this case - 36MP, and the images 54A-54M 
measured previously are displayed on drawings, (a). It is a focal location to the images 54A-54M when 
only H-delta makes a focal location defocus by the main control system 22 as shown in drawing 5 (a). - 
The two-dimensional amount of location gaps to the direction of X of image 36AP at the time of making 
only delta defocus - 36MP and the direction of Y is calculated as vector <VA>- <VM>. Moreover, it is 
computed as the average <V2> (= el) of a radial (the direction of R) component shows drawing 5 (b) 
and (c) to the simple average <V1> (= (c 1 , dl)) of these vectors, and a zero, The average (el, dl) is the 
inclination component of lighting TERESEN, and the average el is the scale-factor component of 
lighting TERESEN, 

[0060] Next, in step 1 04, where the amount d2 of drives of the drive unit 24 is set as the edge by the side 
of + of the range which can be driven (d2=d2max), measurement of illuminance unevenness and lighting 
TERESEN is performed. As shown in drawing 4 (c), curvilinear 51 B of the detecting signal S2 of the 
illuminance unevenness sensor 42 is obtained by this, and the inclination component a2 and the 
concavo-convex component b2 of illuminance unevenness are obtained by dividing this curvilinear 5 IB 
into primary straight-line 52B and secondary curvilinear 53B. Moreover, as shown in drawi ng 5 (e) and 
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(f) ? the inclination component (c2 3 d2) of lighting TERESEN and the scale-factor component e2 of 
lighting TERESEN are obtained from vector <VA>[ of a location gap of image 36AP of the marks 36A- 
36M for evaluation of drawing 5 (d) - 36MP ] - <VM>. 

[0061] Next, in step 105, where the amount d2 of drives of the dri ve unit 24 is set as the edge by the side 
of - of the range which can be driven (d2 : =-d2rnax) 5 measurement of illuminance unevenness and 
lighting TERESEN is performed. The inclination component a3 of illuminance unevenness, the 
concavo-convex component b3 and the inclination component (c3 ? d3) of lighting TERESEN, and the 
scale-factor component e3 are similarly obtained by this. In addition, it is desirable to set the amount of 
drives of the drive unit 24 as four or more places, and to measure illuminance unevenness and lighting 
TERESEN to compute a drive rate still with high precision. 

[0062] In subsequent step 106, the drive rate of the drive unit 24 (the 1st lens system 12) is computed 
using the above-mentioned measurement value. As an example, they are 0, d2max» and ~d2max about 
the amount d2 of drives, Since the inclination components a of the illuminance unevenness when setting 
up are al, a2, and a3, respectively, they are as follows, [ of the drive rate ka2 to the inclination 
component a [%/mm] ] 

ka2=[(a2~al) /d2max-(a3-al)/(2 and d2max)] / 2 — (2) 

[0063] Similarly, the drive rate kb 2 [%/mm] and kc2 [mrad/mm] to the concavo-convex component b of 
illuminance unevenness, the inclination components c and d of lighting TERESEN, and the scale-factor 
component e of lighting TERESEN, kd2 [mrad/mm], and ke2 [rnrad/irim] are computed, and the storage 
section in the main control system 22 memorizes, In this case, although a dominant value is the drive 
rate kb 2 to the concavo-convex component b of illuminance unevenness, it may be memorized as it is 
about what is over predetermined level also with other values, and may be memorized as 0 about the 
value in predetermined level. 

[0064] When driving the 1st lens system 12 concretely, the drive rate ke2 to the scale-factor component 
e of lighting TERESEN which has the property of central symmetry (axial symmetry) as well as the 
concavo-convex component b may exceed predetermined level. Thus, the drive rates kai, kbi, kci, kdi, 
and kei (i=l-5) are computed by performing actuation of steps 102-106 about all the drive units 23-25T, 
and it memorizes as a parameter for every lighting conditions in the main control system 22. Then, it 
shifts to step 108 from step 107, and judges whether the drive rate was computed about all required 
lighting conditions, and when having not ended, a drive rate is computed by returning to step 10] and 
switching lighting conditions. In addition, although a drive rate shall be computed about all lighting 
conditions here, this example is not limited to this, and computes a drive rate about a part of all lighting 
conditions, for example, you may make it determine a drive rate by interpolation count etc. based on the 
dri ve rate of other lighting conditions about the remaining l ighting conditions. 

[00651 under the present circumstances — alike — the case of the 2nd drive unit 24 (the 1st lens system 
12) — a core — originally the drive rates ka2, kc2, and kd2 about an unsymmetrical component are the 
amounts of extent which can be disregarded. When these drive rates are large beyond a certain value, the 
1st lens system 12 may be carrying out eccentricity, or it may lean, such faults can be detected in this 
phase, and it can adjust based on this. 

[0066] Next, with reference to the flow chart of drawing 9 5 it explains per [ which adjusts an 
illumination-light study system automatically ] example of a sequence using the drive rate for which it 
asked as mentioned above, First, in step 1 1 1 of drawing 9 , lighting conditions are chosen through the 
aperture-diaphragm plate 10 of drawing 1 , the amount of drives of all the drive units 23, 24, 25X-25T is 
set as a center valve position, and a corresponding optical member is set as an optical zero. In the 
following step 112, illuminance unevenness and lighting TERESEN are measured like step 103 of 
drawing 8 . And in step 3 1 3, in the procedure shown in drawing 4 and drawing 5 , the inclination 
component (primary component) a of illuminance unevenness and the concavo-convex component 
(secondary component) b are computed, and the inclination components (shift component) c and d of 
lighting TERESEN and the scale-factor component e are computed. When the illuminance unevenness a 
and b and lighting TERESEN c ? d, and e judge whether it is the inside of tolerance in the following step 
1 14, respectively and any they are has separated from tolerance, it shifts to step 1 15, The amount di 
(i==l-5) of drives of five drive units 23-25T for being on count, respectively and setting the illuminance 
unevenness a and b and lighting TERESEN c, d, and e to 0 is computed using the drive rates kai, kbi, 
kci, kdi, and kei (i=l-5) memorized in the main control system 22. in this case, what is necessary is just 
to solve the following simultaneous equations. 
[0067] 
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Mfci?*, 1 tf^/i-LT^Sfte-AT*© 

2 ft&£j£:£Sftf 5«fc5KLTt.J:^o C ©*l£\ 
* ©33 2 EB £ ft 5 F/r5£E± ■?•€• co&ft t£- A % 



[00 1 93 ^©H I 3tflM*±T»*©S I 

WcWSftSV-? (3 6 A) fcjS*tSft.5»!£tf- 
A%^fcB LT, ^©jftfti^ftlfj-f a LT&<fc 

**. i inMftmWcDMMJjmii. m 

m% (I LS) *3B3»tt;-AJ£Sl*W*; (R) K!H 
(W) £ffftt5^7tgg©li!l73?££*5^T, ir©g? 

2 fttttfEB $ ft § RFr^sp±-e * co e~ a % & m l 

T , * comm^co-7- l/-b>r'Jy'r-ft * (OMft M - 

-**^ty!HWWtt*W-ilJ-r « fcttfc, *-©tffl S ft fc 
fHBftttfcS^T^JSWJRrt©^!^ (9, 1 

2, i3) zmmt, %<Dmm¥f&z$cictftM?% t t 
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[0 0 2 03 W3^**aWfcJ:ntf, *OHMI3Wtt<Otf 

ft-S^InJKI* (3 I) t ^©m^tlit^lMSfti) 
2 nJKji* (3 9) t%mmMW)LX, *©K!Hfft5£ 
^•LT^COjg^lf- AT-f-com 2 flj#*^ail*L, : ^ 
COS i isiStotOiT^OSS 1 %ftW^-tc^t?>ft-Sv-^ 

( 3 6 A ) ^T%cDWM¥f&*ftmt% J; "5 (C LT 

[0 0 2 13 St, J toa2»(t*«EH*n53rSffi± 
T^-cOS^e-A^tH LT, *©*3tt!--AOflHWffi 

ft § fpj tm&t 5 if ss^f r&j id n i" § saa ti e co 

fl^Ktt, ^«73f^^gCj-6aTOfb^TlgS5ft 

§fcfe, 1^273 5 C ^ T, ttiM 

%«*<t lt, jessftBswHHt^a^wttHi'e-tao 
coo 2 23 2 <D*jt»iiojwi55ffi 

t±, «)te-A7?jBi«si**!aiwr5!aw* (1 ls) 

^(Dffi^e-AT^CO^ 1 t;#«:f>LTS2ft 
(fOBT^«^gPtf (9, 12, 13) ©ttJfi*a»0 

®mz.wc& lt, ^n^n* oBawRomsoBawwptt 



50 



cacwL, CCOiati^ftfcl^ta^V^T, *OB8 
Bfl^'tt^f Ijffll-r S fc* ft * 5 1 COT 

[0 0 2 33 ^^(Dx/WXiyjg^a, 
WcDl-^il^ffl'v^TrV^rx^^-y (R) ^7-7 

e-x cw) ±tc«g^ , rsig*^tyt©t?*So *fg 

>;yTt5o 
[0 0 2 43 

[»WO*St0^fll] WT, *HB^cD||SI©^ft8co-fiJ 

S5SOjtaE«31Cffl<Da»li«»iifc*aM*3gffl L/c fc 

L, dcoia 1 t*3^T, M^M 1 t L T i-j. A r Fx+ 
U- IfJtlB (SS 1 9 3 nm) ^ffifflSnT^So 
ISL, M^lgl tLT!4, K r FX+S/VU— f (ifi 
52 4 8 nm) , F 2 L-tf" 1 5 7 nm) , K r 
2 L— f (®fi I 4 6 n m) , Y A G \s-*¥<DMm®M. 

9 3 nmCQ!|£ttA;I/Xft£0ft$^7£ 1 L (H^tf- 
A) ti, ^d^H^ilCOPdlT^SS^It^icV'yf-y 



(6) 



PZik&ltUXDe—LW+ytfZL-v h (BMU) 2 
%)i 0 , t£7 yf^-^i: LXOM'SMMl 3 Attf 

s„ <yz.rs±co7 * h ui?7s h tost %nye®%$mt 
mftbmw±s ftmzmti mwrnmn, /vix^u 

[oo2 5] sjmmm 3*®o tcm%% i ut, 

y%% 4 B <fc 0 & S tr-^itff^ 5 £HT;g 1 S<7D* 7° 10 

s 0 cwsi i 7-7-Y7-r uyxe^'oWtH^n/cS^Tt 

] L ti, Si U>X& 7 A , ftS&lfr 0 ft if ffl C?7- 
8, RtfS§2 U>X&7 B%/TLT!f!2®0*X-r-<.£' 
;U • jyT-yis—Zt LT£D^2 7'7-1'7-f U>X9I,C 
Afltf So $ 1 U>'X^ 7 A&tfg! 2 1/>X3S 7 B «fc 0 

[0 0 2 6] ^27^^7-l'U>'X9£Dfrtt±SS, BP'S* 20 

Dfil 0A\ SgfFt— 2 1 0 e(CcfcoT@|ggffi{cEg 
2?niV*o S!P$!)f£l OKfi, E!6 (b) (ciEffiH 
•p^fAdK, il«!HWfflon^OllllP«t) 10 a, i£ 

mmm<D-mt bx^mftymmmnm \ ob, ^ 

JBBHWOSiJOfflli: LTcotWM (X«l,>feJ*Slfi*HB 
W) ffl<0«& (*Wri4 4ffl) ©{B^lXc/hPlPJ: 1 ?* 
SiMD 10 c, &tf^Sv^3k-uy^7r*^ 
(cii) fflO/hRJBOMPttt) 1 0 d*<tfJ!>ft*.iftte 

[0 0 2 7] 0 1 Cfe^t, g?2 7-7Y7f'b>X9cD 

WtfliBKiiftPJJfflOIWnRO 1 0 atfKHSnT* 

OafcffliaLfcftttitl Hi, fi»*WB 
^t?-£,XXU y£ 1 1 fcAttt So t£-2>x70 7^ 

T JtfcfcfflSS «t f J&§-r>'f / /b-^i'>'i;2 0 sc A*t 
U -f y-r X U— £ -b >'X 2 0 £Q^!±tfi-§ S 1 &tt&M 

■a-? F 2 i {cTO^nr^So 'fyf^iz-if-fe.y 

m-yeyt 1 1 <Dm& t ommtf^bmmmcwm t nr. 

j»Jt*MP:i-f h 2 l fto^yfcSBHSftTi/^o it 

h 2 1 tt, 0©i 50 
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cftlTi^So 

[0 0 2 8] tf-AXX'J 1 ! &58jILfcl!ft)t 1 
Lti, ftffl I AXlCioTS 1 U>X^ ! 2 (!B 1 ^ 
?R) &t>*m2UVX^l 3 (*2)1fiS*JR) *«TJ«^ 
Bj^X^ Y^F (BSflg^ffilffKO) l 4 AStfWKlX 
5 >' F ( oiij^^Mif S 0 ) l 4 Bic Altt S 0 lt# 
WRTfjXv-r > F i 4 B it Uf- ^Uffifcjff S£^jg(C 

tTJ-y^y F 1 4 A ^jK.tf#M¥4- 1 9 6 5 13 

^$8tc^s nr^s ct a p l ©to 

;URStf7xMW^«j^nS^fi73(^] (Y77i6l) til 
£TS2^g73[Rj (X7?(p!) (cEaxU^F^, x5±*E 
(JXT, *t46T rxUy F^J f@T5) {c#a'S 

Fl 4Ati, *fijTlifi)t:>t 1 L«*f^nsUf-^;b 
R±OBaWflW3 5, Rtf»>XMW±0»Jl6fiH«3 5 P 

(a»rt¥3Rp LKBBLTjawm«3 5 tmix, mm 
mm 3 sfttrjs^-ymmz&zM&wMm) %mm 

[0 0 2 9] Mfc, Mjfi /-;>-/> F 1 4B(i, 7x/nW 
; fg*Mf^K±f'5/ti6!<: s ISy^VFl 4 Ate 

«fe o Tas?n*fiaww« 3 5 , amwtwtt 35P© 
^S77 ft to*!* «rg t r s ^cfefc * n s 0 "i» x^ 

■Yy F 1 4 Bits jefcjiSSlSl S Dte^LfcZJft (# 
^STf ft ) ICM LT - * ;!/ R«/^- yfSMO-y-'i' X 



X^-Yy F i 4 B<73i!P*©tS¥ittB) i c«a.r.-y h 2 
WiS3t|Cllt4«o S!/2X5 7 < y F 1 4 A 

so-HjfjX^-f > f i 4 b w:*-©ei-wh i immzti 
st07-{±*<, mx-ismfe-f^'ty f i 4 At u^- 

[0030] mTt^cm^y y y f 1 4 A*}iiiLfc 

U^X^l 6, aiJny-r^+J-^yXm 1 7, 

Rco^^-y® aw <Dwmmm mmmmmm) 3 

^ROIUSSA^— yco&tfMMT- l"ty h u •>■ 

p l LXf%fe<on%®m is ( /3 ttwjAtf 1 

X 4 , 1/5?) T\ ISiJ)t^^ P L <0*6fcBDfcE8t£ 
nfcSS (itlD'eSS) t L/T©7X/\W±C07^- F b 



(7) 



11 

u^?;uR&tf9XMWtf-tn^n#f8$co35 i vb#r 

U^ZWMcW&LT&K), 7xm (wafer) WlilM*.{£ 
(i/ij3>'f) X&SO 1 (silicon on insulato 

Ut. y*JR (JBW3R) T*fc3tf> 

t§ctiif9lTt4^ KKft39S P L Oft 

a ! C S B * 73 in] ) X «] % BX o T 18 f 5 „ 
[0 0 3 i ] El 1 fCft^T, 1 , lf-AV7f 

y347-f uyXe, mi vyX%i a, mzuyXft 

7 B, ^2 75-T7-rUyX9, ft 1 U^X* 1 2, f 
2 L/>X3R 1 3, K77Y>F i 4 A, nJir/^Xy 
K i 4 B, S«UyX& l 6, HayfyD-UyXJR I 
7, M±3yf>"t+!/yXii 8 tSJ: 0 flaW3tt*3R I 
LS^i^n, L S 

WiSLTVS. LT\ BgW3t*3Sl LSO^ff&I AX 
ti, Ur 7 ;U R ±TSS5t^^ P L oy/tm A X £ -a-g( L 
TV5 0 f 277'f7Yb>X9, Si Vy 

x% 1 2 , Rism 2 \syx%k 1 3 icznznm i »ja 

->y h 2 3, ft2fEilj:ix-y h 2 4, &tff3§!ax-.y h 
S2 5#S**nTV5o 



[0 0 3 2] H2(is HI cO|f?2 77-f , 7^UyX9fr 



In 



2 l 3 $-p©^3Sfc, id$iS$3 5t(D 

M&*7*?®mmx*3b tx com 2 ic%^t, mmf>m 

3 5tC*tf5 UA^/UCO^gTufaS D (YTjIbJ) , Sff 
#j£S£lRl (X73(p3) CmtSS 2 77^7^ l^X 
9±T'073iR]?:-?-n^"tly73(R3&t>*x73^i:bTi/^c 
* LT> $ 1 SgJftrL- 7 h 2 3 ttgf 2 77^74" U>X 
9 0>ft*l ! AXTffnl (£EPA 1 CDT^fpO) <?)till£MB 
U ft 2SBKJ-1- -y h 2 4 (iff! 1 u>'X"f? 1 2 <09m I 
A X 073 [o] (&fll A 2 COT? !«3) (DiiLB.%m&t&o S 
fc, 0 i coigftax 'V hS¥ 2 5 f± % H 2 CDft 3 coSEfjX 
x «v h 2 5 X , ft 4 CQStl&a - v V 2 5 Y , &u?ft 5 CO 
mW)3--v h 2 5 I'iXMMietu HIIjxx h 2 5 X 
RTj 2 5 Y ii^n-f'flff? 2 U7X& 1 3 CDfttt i A X iC 
mU&xfifa (£01 A 3CO>5f|fi]) Stfy^fl (£81 A 4 
cDTifa) 0{M*S18U ggifjxxy h 2 5 T«> ft 2 
UyX^ 1 3 co^ili I A X%M D y ttlfcWTfcttOIII 0 
($531 A 5 C073 lol) cOf-;l/ h.^^aS-r^o Siiftxx-y 
h 2 5 THU Bg93ffitt3 5®l^4*r&UC»J6"r5^|fi| 

xmzuyxmi 2<D?)\>vn mmn) *tm?zt 

[0 0 3 3] Sgfija- >y F23-25T4: LT}±> ^!jx. 
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KfM 2 0 0 1-313 2 5 0 
12 

SB^rffifflt- -Set c o-MS, »a - >v h 

2 3-25 Tt^^n^'nigijW^IBlS (IE»X h d- 
rtT-co^SPWco^ffil^^-rxyrj-X (n-^ 

6©xi/3-^0«ttJfl^H 1 oe»3R 2 6 fc«ie« 
:S-c5v^TBSj^2 6 (iSgldax 7 h 2 3 — 2 5 T L 

r^277^7i'uyX9, mi uyx%i 2, st«is 

2 l>yX& 1 3©«!B**iJWr*o ftfe, fgijax-y h 
2 3 - 2 5 T m © x y 3 - X t L T . 0IJ X. tfMW&ft-fe 

[0 0 3 4] *fc, iffJ-PttS^BBW^fT^it&KHe 
( a ) C^r «t 5 fc, S^gl 5 6 igrfflC^TS f 7 9^ 

7^ UyX6 ^r(H^T7t^ : F (Diffractive Optical E! 

esient: DOE) i "9 fc^ftl^^l&ff^ 5 5 TS^T 

[0 0 3 5] me (a) Sefel^T, mmW%ftr>i§-& 

ic it, -m 1 1 rm 2 7 v 7-r u y x 9 ©#t w® {<: ft 

^COMP^O 1 0 b (Xtt^ftPflfflOWnlS*) 1 0 
c) ^KR*^ ^:ll>-3«»*^ 5 5«, 0flf«*t 
X o XWmit 1 L^277-f7Y b>'X 9 cDAStfiico 
SSIMf«OflI«tC*)t-rSo 7t«>7^^»7-5 5fc 

X% 7 B COJtffi 1 A X7^(^CO{3H%PffiTo/c«fecO|gl;j 
x^7h5 8, mi U>'X^7 ACD7tWl{cMiS*2^7t 
73[plc?>fiS*WS-r5/cd6«01fja- «y h 6 2, RrJ'c 

-hfSM%. 5<DW,2 VyX% 4 B (DftM 1 A XTjfnJCOfi 
Hu^Plf §/cibco|gaar.-y h 5 7^ffl?n?> 0 

5 7, 5 8, 6 2 t ^tl^'ftX y XT- X^lx. 6 n, 

cn?>CDx>n— XcO^WfS^ Rt>*BI 1 ®±MJP^2 
2 0B«ifltt8K:*r3i^, IIIt^2 6^Max>y h 5 

7, 5 8, 6 2^j>LTi2U>X^5 7, !2UyX 
S7 B, RZ?m 1 b>'XS7 ACOt^fli^SfflT'tScfc-5 

[ 0 0 3 6 ] *^o, 12774" 7-Y Uy X 9 ©A#tiS±. 

S«i L©»jft^ *tWT?tt!!BWyfittrt»!:EII**i 

Slt^cOgfiP^O 1 0 a — 1 0 dCD l o) (CJSCT, ft 

aW LTJBWttBrttEB'r 3 «k 5 LTtiK CCO 
m 1 77-77-f uyX6%3fi^Sil5 6 fcRttfc 

< 1 1/"> 

[0 0 3 7] 01^0, Uf-^;l/Rti, U^f^^X-f 



(8) 



1 O 
1 J 



UT-j/ls^-T, 3 2 ±{C Y 7f [S]fC#i§$il it?t 3 t ft 

%nx^& 0 yf-7/yxf— > 5 3 i of ^/ir) 02 
u— *fT#fBc <fcoT u / ;b * -f £> t w-w 2 nt t ■ ^5 0 



[0 0 3 8] H3 (a) 



1 ©yf-^'bXf— i/3 i 



/Wf- y* 3 \ CO U3- 1> )l R left L T j£S77fn] S D ( Y 

fezti, mm-?- 3 3 ostffwsHJss 3 5 1 m 1* 
zzomnmcs mm-^^x-mthx ) 3®<d 

2^7r;CD|B!--cO|?ffiffl'T-^ 3 6 A, 3 6 B, "3 6 M 
«Snt^l s Ifffifflv-^ 3 6 Afi, X/ftnjicp/r 

>£if <y ^-efflux tift? *f y - 7 y F • x^-x^?- 

yi^SXiOV-i' 3 7 X£, Y^InKc^tf-yf- 

tE^n/t^y • 7 y f ■ x^-x/^-yj; o& 

5 Y ffflCD V- £ 3 7 Y £ 2 Wxr?-7 T' 

®fflt-5C t* So *ffiK?H, SB*®.!: '3 
I L Of U-fey h 'J ^tt©Wn», W6!»iflM6¥3fiO 
fUrv F U <>f -<%:stMt%>ffiJCs yf-^lXf-y 



3 1 ^YTflnlfcggai 



■r 



3; / 



10 



20 



r^- y 3 6 G£>4M» ^FMKSM3 5<D*,[\ 30 
AX) E^to-fr-C, i!fflV-^3 6A ( 3 6B, -3 

So JMEJfl V— 0 3 6 A 3 6 A P ^0 3 (b) 0'M 

[0 0 3 9] Ml ICID, ^XAWd, <)xa»^3 
8*ftLT£xM*T--S>3 9±fcK»fiH#«n, r >x 

LOliffitTO&X YWlcfpST 2#7t#lW"So BP 
^x/NXf—v^ 9fct, vi/^-.^ 0±'CY# 

^^»I-r5o ME, 9XAXf- > ;; 3 9fcfi, £xm 
7 * - * X-bVW pit M ffifcS^Ttf-t^**-** 



^1 
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14 

>^cOliMa^»-- : ^T, ^XAXf-i/" 3 9 ft£Q Z U 

3 9 <D±ffi(D7 xtefts-ff itoafctf Mat" a c 

[0 0 4 0] iJXAXf->'3 9COX?3|b1, Y7j|p]CD{ft 

^ 0J ~74r-X30 fi % 3 9 cD^fijI 

[0 0 4 1 ] ±$i]P^2 Uf^^Xf— y3 1 , 
W)XAXf- i^3 9 £D^n^f ft©$lfi{4B, ^»Jji 

it. Uf 7^X7—^3 l%^LT»)tyei LOfflWIR 
lg?3 5{C^LTUf ^;UR^4-Y77l^! (Xtt-Y^ilRl) 
k-^lfiV rTj£**n50k:|a|JWLT, ^xnxf-y 
3 9^LTUf ^;UR<D^^->i!OR^JS3 5 P 

•Vr ( /? bf R ^ ^x^VVxcD^fg*) T* 

3 4 (CcfcotWIl/'f-Yy F 1 4 B ©Mffl»flstf*J»S 
[0 0 4 23 ltC±$!jfS)^2 2!i, <yx.;\\N±<D&i/a 

v h%tm<D7* b u^x h zmjEm-y&wzm&myttz 

Sa-y F 2 i tc^-a-^nsi;, li^j^A- v F 2 s 
vill^M l <Dfgft£l$&&f.££«{c v ^*>"f ^U- ^ 
•;• >-ii 2 O-S-rrL r'.Vx/ NWKMt" 5 MfiM i l oraa 

Snrv^So fit, g^fijfpax 7 F 2 n*tt % fcD 

tSo fit, >> FSJ«^Oj£aEft«<0«7^F 

[0 0 4 3] *t *$J<D ! >X/nX-7— >>'3 9±©^x 

/H^OS^gP 4 2 a (S4 (a) ^rWTS^JStf 

b -tr y+F 4 2 Amsssn, use? e -t y-f 4 2 <omm® 

^S2 tfBfflx-.y f 2 j t^ntv^o * 
fc, 6 -fe y+F 4 2 a tf y ^— ;'u-1xo§)tSI5 4 2 a 



(9) 



1 C 



$3 5 PtCftTS^XMWCQ^a^lR] (Y75"fol) 



s?3 5 Pf*JTjfe 



T, j£2t«ttcJ; 6ftME^i^«)(!RirtJ6© 1 F^ftS**«: 

;l4K<0§)fcg|5 4 2 a£ffl^Tfe[l^cDfSj£:fr^&$a63 
[0 0 4 4] WfT&W 8W3 5 PCD 

©salt**- £ o^mfi# £ -f yf y u- £ -t >'+?• 2 o 

3 iWRnstt, ^sts 4 3 ±omw&wc mt^-fsmn 

Xf — i/ 3 9 tfKD^Stg 4 3 OftfifllfC&ft ls>X 4 

4, mymmmmA smmsn, >&s«4 3, m% 

ls>X4 4, &tf7tm^aJH4 5J:9£RH*t|-lM$4 6 

ffm&ztu ftw*uiS4 5 <o*uhi*i s 3 unvotm 

[0 0 4 51 fcfc, $|H|{ft}tiM?H 6fi^<0-S5 ($J* 
fcf, *ffi|T?H:j£4« 4 3 t , 4*if%^€y 

S>3 9£Stt, «l OtHMftttiSB 4 5 ft if ) 

^^x/nxt— i/3 gcD^^caagLrfecfci/^ 

3aOWM?n, ftiB-r5SHWi«fe©ttiMH*fc:ttH 
>)XAXf-^3 9 % 2 ^TtWtXf-'V tf y y$4+5 i: 

maws.* smmmznzm®. tweit 1 3 

4 3 a SjtSftFA&tfl&taESlR] (Y£|S?fttfX£|fiil) 

t ztiztimmzm § t>\ m x a * <owfc®wmm v 

t cDfflW^flNf 4: > IfjtSfififc 1 f s ff (ffiffl v- >? (D 



[0 0 4 6] MlC, ^CD&tfccDfFttfflV-^CDS 

*tf#3£4#lBlfc»a3»HS (*«frrU;5ffl) ©ffMBffl 

T^S1£4 3i<:ffMU ^X/NXf-y'3 9*^S73Tol 
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ft m 2 0 0 1 - 3 1 3 2 5 0 
16 

fc&iSLT, *MP/<*->Hk:, 3t*35iSiteE?iJSn 

tijssjc, fcmfaim Lxmmm^—> t mum 

pA^->4 3 a^jtiSIS 4 8tML, 'JXAXf- 
i>"3 9%lteS^lp]kMj)LT. S WP^.^ ffF 

ZKm&tiwmm-?- * ©^m * t h^m^ 3 5 <D-a5 

3 9 (DfemiCfoVTBlWiy 7 ■< y V i 4 B%m§}t&£ 



^xaxt-^3 9%l^a^fp]}CAr'y tf y^$4±§ 

[0 0 4 7] MX.^03 (a) , (b) iCTnt&olC, 
ffffifflV-^ 3 6 A £01*3 6 A POY^lfilOffiB^itiM 

■TSJi^tctt, ft 3 6 A Pco^t3t;:^S^4 3coUBP^ 

^~>'4 3 a^lfiLfc^ ^x^X-f-^3 9^SBM 
LTMP^^-^4 3 a THS3 6 A P^Sf 5„ C© 
BC, ^«»a-7 h 2 1 fc«±$W2 2*j>LT 

•jxaxt- ->*3 9tDteits$8fcm^?nr*30^ 

^bTtf SnrdS-^J: 0, #:3 6 A P©Y75i6]£HfiB£ 
fffiif §0 [B]1f{cfi3 6 A P^i^P/N^~>"4 3 a VX 
^iRllC^Sf 5diltC<toT, 1*3 6 A POX^in]CDffi 
St»tti$-n, 1*3 6 A PCOXT?^, Y7?[S]OffiHtSffi 

tt ±S iJS 2 2!: mis s n § 0 

[0 0 4 8] 0 1 U^/l/^r— ^3 I ±OfF 

ffiV-^S3 3, ^7X/\Xf- i>'3 9iJCDB3Jgtye>-fey 
•9-4 2, StfS!a^»J^ 4 6 *»W©BTS<0fi8W 



50 



V^TM6ytffl8.3 5 P'ecOg^ I L<DB8Jg^C0{f 
[0 0 4 9] ^ LT, *OBaKtt6i&J|JttfliJ«3 5 P© 

(cm rpacfigftj tif^) dews, ap-fe, m& 



17 

%tiLWX<DM$t.P F (X) tt%t, atPF (X) it 



(10) ffl2 0 0 1 - 3 13 2 5 0 

18 

[0 0 5 0] 



■■■ (3) 

[0 0 5 3] ftfe, fi 5 fB«^ija- >.y M 
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4 + k e 5 ■ d 5 
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&-oxymicmm%:j3$\icMW)x%, fr-ow,2uyx& 
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i ) jsmiswx u t/ms r^nfe? t> £>i}ix s 
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5o d ntiS 2 77-f7Y U 7 X 9 CQ&x 7^7 h j^S 
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0 1 0iC7jit&olcffi\\(Dffi&i/— / ry7.%m 

[0 0 7 4] fCT, 0 1 QCD7s-rv~f\ 2 I tfcf- 

t, mwmm~c\ m^mnmmicmmbx , msom 
m u- h tt-$i, s 1/0 9 <d g ijis b 7 7 7,%m'nt 

5o toXfyyi 2 2 !£*>!/ --T, 06 (a) iC.X/ J. 20 
die. Si 77-f 7YUVX6#)tt:l^iSftife-?5 5 
KSEMU l'277-i'7-i' UyX9©ftftHffiOMP«t) 
£g^SW3ffl0l»lPi&t> 1 0 bX!i 1 0 clcift^ 
^f771 2 3fc:jo^T, 0 1 CQBgjtty6-fe>"9-4 

mmtift a scfHia^ b z&mtZo come, mm 
{c, si uyx»7 A^ftmicmu^mnvxy^jpi, y 

[0 0 7 5] LT, CCD^SlT'MatyecDiHIflfiSt^b 
*7§f (i*f* <h X 5 0 fill-fe, Xf771 2 4 LT, 

b ^sfSKHrt^ if 5 u tmiSH^t- 

TfeSi;*fcli77'yX 1 2 5{C^fLT, S2L7X 
& 7 B SKUSfilC^Xf -y XII /St 7 7 1- $-t7T;7 
6 77 y 7 1 2 3 tSot, WtflHftCT 6©P!|iQjfjJ# b 
ifeffl-SJ L , ^-n^ffSWH F*lfr if o frZWJZ.? So C « 

ffiEfjfFJi, 77 v 7' 1 2 4 TMiSj&fr b 40 

[0 0 7 6] XryXl 2 4TI9A$$H*WS$SBfi 
ClRtofd^, 77'>'Xl ZGicmiLT, 06 (a) 
CDfcf-A/jgfl^ 5 CDL7X& 4 B «r7ttt73[6]{cm^lir 
O^JdSt«ft*#T (US LT) , L7X&4 BCD&ffi 

5 (ttBu) Til 1 ©Bafttr6-ty9-4 2*/<*->«l 
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1^12 00 1-3 13 2 50 
24 
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